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TEREESTRIAL ORGANISMS SURVIVE I N  SIMULATED JUPITER ATMOSPHERE 

Egmont Koch 

ABSTRACT. It is  pointed out  that the present  
reducing atmosphere of t h e  g i a n t  p l ane t s  i s  very similar 
t o  the  terrestrial atmosphere a t  the t i m e  of t h e  o r i g i n  of 
l i f e  on Earth. Bacteria.which use methane as a source 
f o r  carbon are discussed, and the chemical r eac t ions  
involved are eyamined. 
t a t i o n  of var ious microorganisms t o  a methane-ammonia- 
hydrogen atmosphere are considered including tests i n  
which * p l a n t s  such a% t h e  Euphorbia xylophyloides, 
Euphorbia hementiana,  and Euphorbia (c lades t ina  w e r e  kep t  
f o r  two months i n  such an atmosphere. 

imposed conditions and had even mult ipl ied.  Studies  w i t h  
a one-celled a l g a  and wi th  t h e  aquat ic  p l a n t  Elodea are 
a l s o  discussed. 

Inves t iga t ions  regarding an adap- 

It was  found that 
. many microorganisms / i n  t h e  p l a n t s  had survived t h e  

ADAPTATION EXPERIMENTS I N  SPACE BIOLOGY 

The study of organisms i n  changed surrounding conditions r ep resen t s  

one of the most important methods of i n v e s t i g a t i n g  t h e  p o s s i b i l i t y  of extra- 

terrestrial l i f e  on neighboring p l ane t s  wi th in  our s o l a r  system. 

is  poss ib l e  t o  change pressure,  temperature, atmospheric composition, f o r c e  

of gravi ty ,  d i u r n a l  and nocturnal  rhythm as w e l l  as r a d i a t i o n  dose from t h e  

Thus i t  

normal conditions on the Earth. 

capaci ty  of t h e  organisms t o  ad jus t .  

show t h a t  many terrestrial forms of l i f e  can exist under very extreme conditions.  

I n  t h e  area of exobiology, such s t u d i e s  have been e s p e c i a l l y  ca r r i ed  ou t  f o r  

microorganisms i n  a simulated Mars atmosphere. 

It thus  becomes poss ib l e  t o  test the  

It has been poss ib l e  t o  repeatedly 

* 
Numbers i n  the margin i n d i c a t e  paginat ion i n  the o r i g i n a l  fo re ign  text.  
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Since i t  has become known t h a t  t he  temperature of t h e  g i an t  p lane t  

J u p i t e r  increases  toward the  center ,  researchers  have been concerned with t h e  

chances t h a t  var ious organisms w i l l  survive i n  a model J u p i t e r  atmosphere. 

Since the  present  atmosphere of t h i s  g i an t  p lane t  apparently does not  d i f f e r  

from the  atmosphere which ex is ted  during the  formation of our )p l ane t ' s  l i f e ,  

s eve ra l  researchers  be l i eve  t h a t  e x t r a t e r r e s t r i a l  l i f e  may be even more 

probable on J u p i t e r  than on Mars. 

I n  con t r a s t  t o  the  atmospheres of t he  inner  p lane ts  which have an 

oxidizing e f f e c t  today, the  atmospheres of J u p i t e r  and the  o ther  g i an t  p lane ts  

have a reducing character  and have an excess of hydrogen and helium. 

t h i s  reason, i nves t iga t ions  are ca r r i ed  out on t h e  capaci ty  t o  surv ive  

atmospheres cons is t ing  of hydrogen, helium, ammonia, methane and w a t e r .  These 

inves t iga t ions  are being ca r r i ed  out  f o r  t he  o l d e s t  terrestrial  organisms, 

which l i ved  i n  the  reduced primordial  atmosphere 2 - 3 b i l l i o n  years  ago. 

For 

The change from the  terrestrial primordial  atmosphere i n t o  an oxidizing 

carbon dioxide atmosphere took p lace  about 1.6 b i l l i o n  years  ago. 

because o lde r  rock formations have l o w  element-oxidization s tages ,  which could 

only be produced without t he  presence of oxygen. 

This i s  

The b a c t e r i a  are one of t h e  o l d e s t  and therefore  the  most p r imi t ive  

forms of l i f e  on t h e  Earth.  I n  f a c t ,  several of them s t i l l  today can e x i s t  

i n  a reducing atmosphere and do surv ive  i n  a simulated J u p i t e r  atmosphere. 

But a l s o  higher  organisms, f o r  example green p l a n t s  which r equ i r e  l i g h t  t o  

l i v e ,  can sometimes s tand the  extreme environmental conditions of t h e  J u p i t e r  

atmosphere. Some of them can even produce an  inverse  methane ass imi la t ion .  

METHANE\ CONSUMING BACTERIA 

Bacteria which use methane as t h e  carbon source were f i r s t  described by 

Sohngen, 1906. A t  t he  present  t i m e  two types of these  methane processing 

microorganisms are known: 
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Poss ib le  in su la t ion  method of methane i n  Pseudomonas methanica 
(according t o  Kemp and Quayle, 1965). 

1. Pseudomonas methanica 

2. Methanomonas methanooxidans 

Studies  of t h e  oxidat ion of t h e  C-1 bu i ld ing  block methane o r  methanol 

have been ca r r i ed  out  f o r  both types. 

methanica, the  synthes is  of the cel l  material has been explained with C 

methane and C 1 4  methanol. 

90% of t h e  r ad ioac t iv i ty  f i r s t  occurs i n  the  phosphorized compounds, where 

70 - 90% occur i n  glucose phosphate and f ruc tose  phosphate. 

phoric g lycer ic  ac id  only amounts t o  2 - 17%. 

I n  t h e  case of the  pseudomonas 
1 4  

When rad ioac t ive  C-1 bu i ld ing  blocks are i n s t a l l e d ,  

However, phos- 

The ok .da t ion  of the  methane t o  formaldehyde should be the  f i r s t  r eac t ion  

According t o  Kemp and Quayle the re  i s  a condensation of formaldehyde s tep .  

wi th  ribose-5-phosphate t o  form a l l u l o s e  phosphate. 

transformation i n t o  fructose-6-phosphate ( t h i s  accounts f o r  the  high radio- 

a c t i v i t y )  . 
i n  which t h e  synthes is  of triose-3-phosphate r e s u l t s  i n  th ree  molecules of 

This i s  followed by 

Both authors then propose a pentose-phosphate cycle  (see Figure) 
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formaldehyde and one molecule of ATP. 

The explanation of t h i s  i n s t a l l a -  

t i o n  mechanism of methane i n t o  Pseudo- 

monas methanica shows c l e a r l y  t h a t  

t h i s  b a c t e r i a  can use methane o r  

methanol as the  carbon source i n  an 

oxidizing carbon dioxide atmosphere, 

1.6 b i l l i o n  years  a f t e r  t he  reducing 

methane atmosphere. 

MICROORGANISMS SURVIVED I N  A 
Top: Drawing of several micro- 

organisms which survived i n  methane- 

ment by a f ac to r  of 1000 (according 
t o  S iege l  and Giumarro, 1965). 

ammonia atmosphere with enlarge- i METHANE-AMMONIA MEDIUM 

The researchers  S i e g e l  and 
Bottom: Photographs of these  
microorganisms. Giumarro car r ied  out  experiments f o r  

t he  adjustment of var ious microorgan- 

i s m s  t o  a methane-ammonia-hydrogen 

atmosphere. Thus the  researchers ,  

f o r  example, held heal thy p l an t s  such 

as Euphorbia xylophyloides, Euphorbia 

hermentiana and Euphorbia c lades t ina  

f o r  two months a t  one atmospheric 

pressure and 22 - 24" Celius i n  a 

\CH NH H atmosphere. Af te r  t he  

experiments w e r e  over,an amount of 

microorganisms were found on the  

p l an t s .  

reproduced. The b i o l o g i s t s  found 

gram negat ive as w e l l  as gram p o s i t i v e  

bac te r i a  and many microorganisms f o r  

which no i d e n t i f i c a t i o n  was possible .  

4 3 2  

These had survived and had 
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SEVERAL MICROORGANISMS ISOLATED FROM XEROPHYTES (ACCORDING TO SIEGEL 
AND GTJIMARRO, 1964). 

Xerophyte Atmosphere 

Euphorbia 
xylophylloides 50 % CH4 

5 % NH3p45 % H ~ ! Y  

Euphorbia 
c landest ina 50 % CH4 

5 % NH3,r 45 % H ~ I Y  

Microflora a f t e r  Two Months 

Motile b a c i l l i ,  length 1-2 1.1 
Non-motile b a c i l l i ,  l ength  2-6 1.1 
Cocci, diplococci ,  diameter 1-2 1-1 

Yeas t l i k e  forms 
Non-motile b a c i l l i  1x6 1-1 
Red b a c i l l i  1x3 1.1 

I r r egu la r  , r a i sed  , opalescent 
t o  pa l e  yellow colonies  
(diameter 1-3 cm) 

Consisting of monococcoid cells 
Motile b a c i l l o i d  forms 1x6 1-1 and 
1x3 1-1 

Microorganisms were a l s o  inves t iga ted  which the  microbiologis t  Barghoorn 

found i n  f o s s i l  impressions i n  2 - 3 b i l l i o n  year o ld  rocklformations. Even 

today these  are q u i t e  abundant. 

primordial  Earth atmosphere, i t  i s  no t  su rp r i s ing  t h a t  i t  could e x i s t  i n  

the  simulated J u p i t e r  atmosphere. 

Since t h i s  mic ro l i f e  a l ready l i ved  i n  the  

GREEN PLANTS ALSO SURVIVED 

The Swedish biochemist L. Enebo was  t he  f i r s t  t o  be a b l e  t o  show t h a t  

a green p l an t ,  a one-cell chlorella-green algae,  can survive i n  a Jup i t e r - l i ke  

methane atmosphere. A s  t h i s  researcher  found, the  a lgae  th r ives  b e t t e r  i n  

pure methane than i n  normal a i r .  The f a c t  t h a t  a t  the  end of t h e  experiment, 

6% oxygen was  found i n  the  i n i t i a l l y  pure methane atmosphere, w a s  a t t r i b u t e d  

by L. Enebo t o  the  l ight- induced photolysis  of the w a t e r  by t h e  green p lan t .  

The i n s t a l l a t i o n  of t h e  methane c e r t a i n l y  occurred v ia  the  oxidat ion of t h e  

carbon monoxide using t h i s  oxygen. Even though t h e  r e s u l t s  cannot be reproduced 
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with rad ioac t ive  C 1 4  methane, the  

r e s u l t s  of t he  Swedish biochemist 

are nevertheless  extremely i n t e r e s t -  

i ng  regarding t h e  quest ion of Jovian 

l i f e .  

It w a s  poss ib le  f o r  the  author 

of t h i s  r epor t  t o  r ecen t ly  show t h a t  

a higher developed green p l an t  can 

survive i n  a Jup i t e r - l i ke  methane 

atmosphere. Apparently the  inves t i -  Growth of a ch lo re l l a  a lgae  cu l tu re  
i n  methane (a) and i n  normal gated w a t e r  p l an t  Elodea (water weed) 
atmosphere containing CO (b) accord- 
i ng  t o  Enebo, 1967. 

2 even has t h e  capaci ty  of inverse  

methane ass imi la t ion .  The following 

r e s u l t s  obtained wi th  rad ioac t ive  CI4 methane support  t h i s  conclusion: 

1. The carbon of t he  Elodea p l an t  from l i g h t  vessels is  radioact ive:  

the d i s so lu t ion  of the methane i n  the  c e l l  f l u i d  cannot be looked upon as the  

only cause of r a d i o a c t i v i t y  i n  the  uncarbonized p l a n t  pa r t s .  

2. The regions of increased ce l l  d iv i s ion  can be recognized as regions 

of increased r ad ioac t iv i ty  based on t h e  autoradiograms. 

3 .  The r a d i o a c t i v i t y  i n t e n s i t y  depends on the  i l lumina t ion  i n t e n s i t y  

There is no de tec t ab le  r a d i o a c t i v i t y  i n  
~~ ~ 

t o  which the  p l an t  w a s  subjected.  

p lan ts  taken from dark vessels. 

We doubt t h a t  there  w a s  any a c t i v i t y  of methane-oxidizing b a c t e r i a ,  which 

produced carbon dioxide i n  the  experimental vessel, because the  long wave 

u l t r a v i o l e t  r ad ia t ion  used i n  t h e  inves t iga t ions  probably a l s o  brought about 

i nac t iva t ion  of t h e  microorganisms. 
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The f i r s t  autoradiographic-chemical analyses showed t h a t  only r e l a t i v e  

few compounds are marked. Therefore, we do not be l ieve  t h a t  i t  is poss ib le  

' to have e i t h e r  C 1 4  carbon dioxide ass imi la t ion  o r  a c t i v i t y  of methkne-oxidizing 

bac ter ia .  

The marking of t he  carbohydrate saccharose i n  connection with t h e  second 

r e s u l t  of t h e  autoradiographic inves t iga t ions  i s  e spec ia l ly  in t e re s t ing .  

Since the  saccharose represents  t h e  form of t r anspor t a t ion  of the  carbohydrate 

and because i t  wanders from the  ch loroplas t s  i n t o  t h e  region of increased 

chemical a c t i v i t y ,  i t  appears poss ib le  t h a t  t he  r e l a t i v e l y  high r a d i o a c t i v i t y  

i n  p l an t  shoots  can possibl/y be a t t r i b u t e d  t o  t h e  accumulation of saccharose 

carbon. 

These analyses support  the assumption of a l i g h t  induced i n s t a l l a t i o n  

of C 1 4  carbon from methane. 

The organisms described support  t he  exis tence of Jovian l i f e .  Apparently 

the  J u p i t e r  atmosphere cons i s t s  of a l a r g e  r e se rvo i r  of important organic and 

pre-biological  material, s o  t h a t  the c rea t ion  of l i f e  is  therefore  a d e f i n i t e  

p o s s i b i l i t y .  

The chemical analyses were ca r r i ed  out  by Professor  Metzner and 

co l labora tors  a t  t h e  I n s t i t u t e  of Chemical P l an t  Physiology i n  Tubingen. 
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